• The nature of the cellular changes that occur in an enlarging heart are unclear. Whether cardiac enlargement, even in the young, occurs by increase in size of the cell (hypertrophy) or cell division (hyperplasia) or both remains an unsettled question.
Mitotic figures, an indication of hyperplasia, have not been convincingly demonstrated by microscopic study of the adult heart even when enlarged. 1 They are rarely found in the hearts of normal infants one to two months of age. 2 In contrast, mitosis has been demonstrated in enlarged hearts of children up to the age of 20 months. 2 An increased number of fibers in the heart of a two-month-old child with "idiopathic hypertrophy" was reported by Dammin and Moore. 3 The number of nuclei in the fibers, however, was not increased. These workers concluded that increased syncytial development had taken place. Such techniques, designed to determine the presence or absence of hyperplasia, are tedious and subject to considerable difference in interpretation.
Likewise, the presence of cellular hypertrophy under the microscope is determined by laborious and time-consuming measurements of the diameters of myriads of fibers using an ocular micrometer. The difficulties of making reproducible measurements of such diameters are well-known to pathologists. There is no uniformity of opinion whether fiber diameter should be measured in transverse or in longi-tudinal section. Moreover, the comparison of one author's results to another's is difficult because variable amounts of tissue shrinkage occur with different techniques of tissue preparation.
Despite these limitations in evaluating fiber size by light microscopy, a number of studies are worth citing. Left ventricular myofibers are larger than those in the right ventricle both in the normal animal and human heart. 4 The ratio of LV/RV myofiber size increases with age in the human, reaching a peak at 55-60 years. As might be expected, the ratio is reversed in the fetus because of the physiological patent ductus arteriosus. Lowe and Bate 5 found the average diameter of left ventricular myofibers in the heart enlarged by hypertension to be 21.1 /*, compared to 13.4 /J. in normal control hearts. Studies, at this institution, 0 of two dogs with chronic right ventricular hypertrophy induced by pulmonary artery constriction demonstrated RV myofibers to have a diameter of 20 /i, compared to an LV myofiber diameter of 13 /n.
In view of the difficulties inherent in such studies utilizing the microscope, the present study was undertaken to determine if nucleic acid ratios could be useful in recognizing changes in cell size and/or number in experimentally induced cardiomegaly. Although there are numerous reports concerning these ratios in other visceral organs, only one recent abstract of such studies in myocardium was found. This report 7 indicates that RNA concentration, RNA content and DNA content of the enlarged hearts of anemic rats increase significantly over a control group. Since nucleic acid determinations have been of value in studying growth of other organs, it seemed worthwhile to utilize this approach to study abnormal growth of the heart. the rat. Thirty-five weanling Osborne-Mendel rats from four litters were divided randomly into groups of 25 (Group A = anemic group) and 10 (Group C = control group). From the second to third weeks of life of these suckling rats, the mother rats were given only milk to eat. Upon separation from the mother rat, the two groups of weanlings were continued on whole cow's milk given twice daily. The rats in Group A were allowed to drink distilled water ad libitum. The rats in Group C received, as drinking water, equal parts of 0.02% ferrous ammonium sulfate stabilized with equimolar citric acid and 0.004% CuS0 4 -5H 2 O. In addition to the fresh whole cow's milk, rats in both groups received portions of a solid iron-and copper-free skim milk diet prepared as follows: 88.5% dried skim milk, 10% Wesson oil, 1% NaCl, and 0.5% cod liver oil.
All rats were maintained on these diets until they were sacrificed at 86-105 days of age. During this period, hematocrit and hemoglobin determinations were made in both groups at weekly intervals. The order of sacrifice over a two-week period involved selecting two members of Group A to each one of Group C.
Following decapitation of the animal and obtaining a specimen of blood for hematocrit determination, the heart was removed and weighed. The atria and great vessels were trimmed off with scissors and discarded; the ventricles (including the septum) were cut into two pieces, each weighed separately, and frozen immediately in liquid nitrogen until homogenization of the tissue could be carried out, usually within an hour.
The specimen was ground in a mortar and pestle with a small amount of cold 5% triehloroacetic acid and sand. The homogenized tissue was then transferred to a 15 ml conical centrifuge tube using excess cold 5% triehloroacetic acid and ecntrifuged; the supernatant triehloroacetie acid was aspirated and discarded. The tissue was washed twice more with 3 ml portions of 5% cold triehloroacetic acid, centrifuged each time, and the supernatant fluid was discarded. Although the technique used was generally that of Schneider, 8 lipid-soluble substances were not removed. Three ml of 5% triehloroaeetie acid were then added to the residue of each tube and the tissue was hydrolyzed at 100°C in a boiling water bath for 45 minutes. Marbles, placed on the mouths of the centrifuge tubes served as condensers. The tubes were cooled and 3 ml of 5% triehloroacetic acid were added to each one. Following eentrifugation, the supernatant fluid was aspirated quantitatively and aliquots were used for deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) analyses. The techniques of analysis were the p-nitrophenylhydrazine procedure for DNA 9 Heart 'weights of rats compared to body weights. Open circles = Group A, iron-deficient rats; triangles = Group C, control rats. "T" test indicates a significant difference in mean absolute heart weights between these two groups (P < 0.01).
for R.NA. 10 The protein residue remaining from the above eentrifugation was washed twice with 6 ml ether and then subjected to protein analysis using the Lowry method. 11 Purified DNA and RNA standards were obtained from a commercial source.* Bovine albumin powder was used as a standard for the protein determination. All analyses wei'e done in duplicate; the optical densities of the eolorimetric reactions were read in a Bausch ' DNA and RNA concentrations in rat hearts. Group C, control rats; Group A, iron-deficient rats. Small lines represent means. The difference in mean DNA concentration between Groups A and C is significant by "t" test (P < 0.02) whereas there is no significant difference in mean RNA concentration (P < 0.40).
and Lomb spectrophotorneter at the appropriate wave lengths.
Results are expressed in concentrations of nucleic acids and protein per mg fresh heart tissue. "Total heart" contents of RNA, DNA, and protein were determined by multiplying concentrations times total heart weights. This calculation assumes a homogenous distribution of nucleic acids throughout the whole heart which is not true. However, this assumption is acceptable for our purposes since it is applied to both groups of animals. All results are analyzed for statistical significance by application of Student's t test.
Results
Hematocrit levels: At the termination of the experiment, there were 22 surviving rats in Group A and 7 in Group C. Three rats were excluded from Group A as they were clearly not anemic nor did they have enlarged hearts. These particular animals may have obtained an adequate iron store from one episode of cannibalism early in the study before the rats were put in separate cages. The mean hematoerit levels of Groups A and C were 17.7 and 41.9 respectively.
Heart weights: ( fig. 1 and table 1) The means of the absolute heart weights of Groups A and C were 773.8 mg and 503.8 mg respectively. These corresponded to mean absolute Ratios of RNA concentration to DNA concentration and protein concentration to DNA concentration in rat hearts. Group C, control rats. Group A, iron-deficient rats. Small lines represent means. Difference in mean RNA to DNA ratio between Groups A and C is significant by "t" test (P < 0.05); the difference in mean protein to DNA ratio borders on being significant (P < 0.10).
body weights of 104.6 g and 125.8 g. Calculation of the ratio heart weight/body weight revealed values of 0.0074 and 0.0040. The "t" test revealed the difference in mean heart weights of Groups A and C was highly significant (P < 0.01).
DNA concentration: ( fig. 2 and table 1 ) For the anemic group (Group A) the mean DNA concentration was 0.85 /ug/mg of fresh heart tissue. In Group C this ratio was 1.15 /ig/mg (P< 0.02).
RNA concentration: ( fig. 2 and table" 1) Group A had a mean RNA concentration of 2.09 /ig/mg and Group C, 2.19 /*g/mg (P < 0.40).
Protein concentration: (table 1) Mean protein concentrations for Groups A and C were 156.4 and 168.9 /tg/mg, respectively (P < 0.20).
RNA to DNA ratio: ( fig. 3 and table 1) The ratio of RNA concentration to DNA concentration was calculated for each rat in Groups A and C. The means of the ratios for the two groups were 2.59 for Group A and 2.00 for Group C (P < 0.05).
Protein to DNA ratio: ( fig. 3 tion/DNA concentration of the two groups revealed that the means for Groups A and C were 196.0 and 154.6, respectively (P < 0.10).
and table 1) A comparison of the ratio protein concentra-
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Protein content: ( fig. 4 and table 1 ) The means of the total quantities of protein in the hearts of rats of Group A and Group C were calculated and compared; these values were 120.2 mg and 84.7 mg, respectively (P < 0.01).
RNA content: ( fig. 4 and table 1) The mean of the "total heart" RNA content of Group
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A was 1613 jug and of Group C was 1107 /xg (P < 0.01).
DNA content: Total DNA contents of the rat hearts of Groups A and C were averaged and compared; these means were 664.4 and 580.4 / x g, respectively (P < 0.50).
Discussion
The principles upon which the use of nucleic acid ratios in studying cell size and growth are based are well established. It has Total protein, UNA, and DNA contents of rat hearts. Group C, control rats. Group A, iron-deficient rats. Small lines represent means. Increases in mean protein and UNA contents of Group A over Group C are significant by "t" test (P < 0.01 in both cases) whereas change in mean DNA content is not significant (P < 0.50).
beeu demonstrated repeatedly in normal somatic cells that all the detectable deoxyribonueleic acid is located within the cell nucleus. 12 Ribonucleic acid is largely a cytoplasmic constituent, although small amounts of it are found in the nucleus, especially in the nucleolus. 13 The ratio of cytoplasmic volume to nuclear volume is large in cells such as those of the myocardium; therefore, changes in protein content of heart tissue will largely reflect changes in cytoplasmic volume, despite the fact that protein is abundant in the nucleus as well as the cytoplasm. 14 Boivin and the Vendrelys, 15 and Mirsky and Ris 10 demonstrated that the amount of DNA per nucleus in somatic (diploid) tissues of an organism is a constant, twice that of the (haploid) sperm cells. This generalization has to be qualified in certain tissues such as liver and pancreas of some mammals in which polyploidy has been described. 17 To the authors' knowledge, however, polyploidy has not been described in the heart.
Consequently it follows 18 that if there is a constant amount of DNA per micleus in an organism, the larger the particular cells of the organism being studied, the lesser the amount of that DNA will be found per unit weight of tissue. Cells which are predomi-nantly nucleus and with little cytoplasm will yield a high concentration of DNA.
Thus, the finding in this study of a decreased concentration of DNA per mg fresh myocardium in the anemic animals versus the controls, suggests that the rnyocardial fibers are larger in the experimental group. Other explanations for this observation are an increased amount of water in the myocardium of the experimental group or an increased amount of fibrous tissue. Both possibilities seem unlikely, since in experiments very similar to these, Norman 7 found no significant difference in water content of the hearts of rats in the two groups, nor did he note any change in the quantity of fibrous tissue microscopically. In addition, Karsner and his co-workers 1 found no increased amount of fibrous tissue in hypertrophied hearts of other species.
Similarly, the increased ratios of RNA to DNA and protein to DNA in the experimental group (although the latter observation is just short of being statistically significant) suggest that the amount of cytoplasm per cell is larger in the experimental group. In a hyperplastic system such as regenerating rat liver tissue following extirpation of the median and left lateral lobes (i.e., roughly two-thirds of the liver), there is a transient increase in RNA/DNA ratio within the first few days of regeneration, but this ratio then returns to the control level. 19 " 21 Moreover, the percentage increase in RNA/DNA in this situation is less than that observed in the present study.
Finally, the statistically significant changes in total RNA and protein contents of the hearts in the anemic group of animals are explicable on the basis of either cellular hyperplasia or hypertrophy. However, the fact that total DNA content of the heart did not increase concomitantly with RNA and protein content indicates that these changes are predominantly the result of an increase in the size of cells.
Summary
A group of weanling rats was made anemic by an Pe-and Cu-deficient diet consisting
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of cow's milk. An appropriate control group receiving Fe and Cu in addition to milk was also studied. After 86-105 daj'S, the rats were sacrificed; hematocrit levels, heart weights, DNA, RNA, and protein concentrations were determined. Total DNA, RNA, and protein contents of the hearts were calculated.
2. Statistical analysis showed a significantly increased mean heart weight, decreased DNA concentration, increased RNA to DNA ratio, and increased total RNA and protein content in the hearts of the anemic group of rats versus the control rats. There were no statistically significant changes in RNA concentration or total DNA content of the hearts.
3. These data are interpreted as showing that the predominant cellular change in cardiac enlargement in the rat with dietary Feand Cu-defieiency is that of increase in size of the myocardial cell.
